We construct a loop induced seesaw model in a TeV scale theory with gauged U (1) B−L symmetry.
I. INTRODUCTION
It has been verified that neutrinos have tiny masses by neutrino oscillation experiments [1] [2] [3] [4] [5] [6] [7] . Unfortunately the finite neutrino masses are not explained in the framework of the Standard Model (SM). A lot of models have been proposed to extend this point [8] [9] [10] [11] . On the other hand the existence of non-baryonic Dark Matter (DM), which dominates about 23% of the Universe from the CMB observation by WMAP [12] , is also shown by the cosmological observations in our Universe [13, 14] 1 . Moreover direct detection experiments of DM are performed around the world such as XENON100 [16] , CRESSTII [17] , CoGeNT [18] , DAMA [19] and TEXONO [20] . Especially XENON100 experiment gives the most severe limit for elastic scattering cross section between DM and nucleon [16] . This implies that DM in the Universe interacts very weakly with quarks. It would be that DM has no interaction with quarks. DM is required in the Universe, however a candidate particle of DM is also not included in the SM. Although the property of neutrino in the SM is similar with that of DM, neutrinos are too light to be DM candidate. Thus in order to improve this problem, it is necessary to add new particles as DM candidate in the SM. Therefore, these current experiments about neutrinos and DM suggest serious verifications that the SM should be modified in order to accommodate the existence of DM as well as non-vanishing neutrino masses.
Radiative seesaw models are known as attractive frameworks for new physics at TeV scale that can provide an elegant solution to explain these two matters of grave concern simultaneously [21] [22] [23] [24] . This kind of model correlates the finite neutrino masses with the existence of DM since neutrino masses are generated by radiative effect and DM runs inside the loop. In particular, the radiative seesaw model proposed by Ernest Ma [21] is one of the simplest models. Subsequently there are a lot of recent works in terms of the model [25] [26] [27] and the extended models [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . The other models of radiative neutrino mass are studied in Refs. [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] .
In this paper, we propose a new model of two-loop induced neutrino masses with local B − L symmetry. Due to the two remnant Abelian symmetries (Z 2 and Z 6 ) even after the B − L and electroweak symmetry breaking, our model has multi-component DMs. Two or three particles of them can be DMs simultaneously depending on the mass hierarchy.
Moreover since one of DMs obtains the mass at one loop, we expect it to be rather light with mass of O(10) GeV. We check whether they can satisfy the correct relic density of DM observed by WMAP, and also the upper bound of elastic cross section with nucleon by 1 Very recently, new result of the DM relic density was given by Planck measurement as Ω C h 2 = 0.1196 ± 0.0031 [15] .
XENON100.
This paper is organized as follows. In Section 2, we show our model and discuss the Higgs sector including the Higgs potential, stationary condition, S-T parameters and neutrino mass in lepton sector.
In Section 3, we analyze DM phenomenologies. We summarize and conclude in Section 4.
II. THE TWO-LOOP RADIATIVE SEESAW MODEL
A. Model setup
The particle contents and the charges for fermions. Notice that the Z 6 is the remnant symmetry obtained after B − L symmetry breaking as we will discuss later. We propose a two-loop radiative seesaw model with U(1) B−L which is an extended model of the seesaw model of Ma [21] . The particle contents are shown in Tabs. I and II. We The renormalizable Lagrangian for Yukawa sector and Higgs potential are given by
, the resulting mass matrix of the neutral component of Φ and Σ defined as
is given by
where h implies SM-like Higgs and H is an additional Higgs mass eigenstate. The mixing angle α is given by
The Higgs bosons φ 0 and σ are rewritten in terms of the mass eigenstates h and H as
The other scalar masses are found as
The tadpole conditions for η and χ, which are given by
in order to satisfy the condition v η = 0 and v χ = 0 at tree level, respectively. In order to avoid that Φ = Σ = 0 be a local minimum, we require the following condition:
To achieve the global minimum at η = χ = 0, we find the following condition
(II.14)
Finally, if the following conditions
are satisfied, the Higgs potential Eq.(II.2) is bounded from below.
B. S and T parameters
It is worth mentioning the new contributions to the S and T parameters due to the new scalar boson η, which are given in Refs. [52, 53] as
where α em = 1/137 is the fine structure constant. The experimental deviations from the SM predictions, under m h SM = 126 GeV, are given by [54] S new = 0.03 ± 0.10, T new = 0.05 ± 0.12, (II. 19) When the masses are 1 ≤ m 1 /m 2 3, the function F (m 1 , m 2 ) is approximated to
as in Ref. [52] . From Eq (II.19), we get the following constraint for η masses,
Neutrino mass generation via two-loop radiative seesaw.
C. Neutrino mass matrix and LFV processes
The active neutrino mass matrix at the two-loop level as depicted in Fig.1 is given by (m
and m S is the mass of S, abbreviating generation index of S. Since the neutrino mass scale should be roughly m ν ∼ 10 −1 eV, the product of y The Branching Ratio (Br) of charged Lepton Flavor Violation (LFV) processes ℓ α → ℓ β γ (α, β = e, µ, τ ) is given by
where right-handed neutrino mass is neglected here. The latest limit for µ → eγ is given by MEG experiment [55] as
For sum of active neutrino masses, the limit of m ν < 0.933 eV is imposed from the cosmological observation [15] . In the next section, we take into account these constraints of S-T parameters, LFV and the neutrino mass in the discussion of DM.
FIG. 2:
The annihilation channels of fermionic DM N (upper row) andS (lower row).
III. DARK MATTERS
We discuss the DM properties in this section. The Z 2 parity imposed to the model stabilizes DM. In addition to the Z 2 parity, we have a remnant Z 6 symmetry after B − L symmetry breaking which stabilizes particles charged under the Z 6 symmetry as well. no exchange scattering between N c andS at the tree level.
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The mass matrix of three right-handed neutrinos N c is radiatively induced and the expression is found as
We need multi-pair of S andS to generate three non-zero right-handed neutrino masses, otherwise only one non-zero mass is generated. 
where G (x, y) = xy (1 − x − y + 2xy), α η = m We analyze the relic abundance of the lightest right-handed neutrino N with the constraints from S-T parameters, the neutrino mass and LFV Eq. (II.26). We sweep the pa- rameters in the following range: the bound is around 70 GeV under some conditions [59, 60] . Regarding masses of χ R and χ I as shown in the right-lower panel, mass hierarchy between χ R and χ I is necessary to get the scale of the right-handed neutrino masses which is connected with the size of the annihilation cross section.
Next, we move on discussion ofS DM. This DM does not have any interactions with N at tree level. Hence we can consider these two DMs separately. The annihilation cross sections ofS shown in the lower part of Fig. 2 are given as
where mS is the mass ofS and the color factor c f is 1 for leptons and 3 for quarks. The parameter β h is defined as β h = m 
The HH final state process can be obtained by replacing m h → m H and sin α → cos α in Eq. (III.10).
We have mS, yS, sin α, m H as parameters and sweep in the following range: 200 GeV < mS (H) < 5000 GeV, 10 −3 < yS < 1, 10 −3 < sin α < 1, (III.12) satisfying σv 3 × 10 −26 cm 3 /s. The result is shown in Fig. 4 . The left panel shows that the mS < m H roughly holds when mS is larger than around 1 TeV. Moreover the couplings have to be of order one to get correct relic density ofS (the right panel). It causes the elastic cross section with nuclei to be larger than the upper bound by XENON100 as we will discuss below.
Let us move on to the discussion of direct detection of DMs. Although our DM consists of two components N andS, N does not have any interactions with quarks at tree level since it is a right-handed neutrino. 4 The other DMS interacts with quarks via Higgs exchange.
Thus it is possible to explore the DM in direct detection experiments like XENON100 [16] .
The Spin Independent (SI) elastic cross section σ SI with proton p is given by Ref. [64] . Fig. 5 is the comparison with XENON100 upper bound [16] with the same parameter obtained from the analysis of the relic density. In the case thatS DM to be dominant, most of parameter region allowed by the relic density is excluded by the XENON100 upper bound due to the large Yukawa coupling yS. Despite of such a strong constraint, some allowed parameter region certainly exists. These parameters imply that Yukawa coupling yS (with large mixing of α) is rather small and the mass of mS is close to a resonance for the annihilation cross section in Eq. (III.7)-(III.9). Needless to say, we can easily relax such a situation because of multi-component DM scenario. Since we have two DMs in the model, the fraction parameter of relic density ξ, which stands for the fraction of relic abundance of S to the total abundance, makes the XENON100 limit looser, and wide allowed parameters appear. We have investigated allowed parameter region from direct detection ofS DM through the interaction with Higgses. Moreover, we have found that the region of the large mixing sin α will be testable by the exposure of the future XENON experiment. Our model would be revealed by the other characteristic evidences such as two gamma line signals in cosmic ray coming from the annihilation of two component DMs.
